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MANAGING WATER IN THE
MURRAY-DARLING BASIN UNDER A
VARIABLE AND CHANGING CLIMATE
Dealing with climate change in the 2012 Basin Plan
and into the future
I Neave, A McLeod, G Raisin, J Swirepik

ABSTRACT
The highly variable climate of the MurrayDarling Basin (MDB) provides significant
challenges for water managers. With
the advent of climate change and the
likelihood of even greater variability
and more frequent extreme events,
these challenges will be exacerbated.
In 2008, the Murray-Darling Basin
Authority (MDBA) was tasked with
preparing a Basin Plan for the sustainable
management of the Murray-Darling’s
water resources and, in doing so,
develop strategies to manage the
risks of climate change. The MDBA
built upon pre-existing jurisdictional
approaches that manage river systems
with extreme flow variability and put
in place additional measures within
an adaptive management framework.
The suite of measures to respond
to climate change fall into four broad
categories; those that refine existing
water management arrangements, those
that buffer the system from the additional
stress of climate change, those that
enhance responses to climate change,
and those that facilitate adaptation to
climate change at a range of timescales.
The recent experience with the
Millennium Drought (1997–2009), in
which governments put in place special
water sharing arrangements to support
critical human water needs, highlights
a looming policy challenge about how
reductions in water availability due
to climate change could be shared,
including between consumptive use
and the environment. Considerations
include how State Governments respond
to reduced water availability in the
development of new water resource
plans, whether environmental objectives
remain feasible and appropriate under
climate change, and what the appropriate
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balance between social, economic and
environmental outcomes will be as
agricultural communities undergo
broader changes in socio-economic
circumstances due to climate change.
Keywords: Murray-Darling Basin, Basin
Plan, climate variability, climate change,
adaptive management, water reform.

INTRODUCTION
Australia has one of the most
variable climates on Earth. It is
influenced by large-scale factors
(e.g. El Niño-Southern Oscillation,
Indian Ocean Dipole, Southern Annular
Mode) that result in large seasonal,
annual and decadal fluctuations in
rainfall, river inflows, temperature
and evaporation (CSIRO, 2012a).
Understanding the significance
and impact of climate change and
determining responses to it within
the context of this variability presents
an ongoing challenge to water
management agencies, including the
Murray-Darling Basin Authority (MDBA).

There is now an overwhelming
scientific consensus that climate change
is occurring, but many of the effects are
uncertain and the timeframes unclear. The
latest Intergovernmental Panel on Climate
Change Report concluded that warming of
the global climate system is unequivocal
and many of the observed changes are
unprecedented over decades to millennia
(IPCC, 2013a). In Australia, there is very
high confidence of a long-term trend
towards higher surface air temperatures,
more hot extremes and fewer cold
extremes, and changed rainfall patterns,
although the uncertainty in rainfall
changes remains large (IPCC, 2013b).
Within the area encompassing the
Murray-Darling Basin (MDB), average
rainfall is projected to decrease with a
likely increase in drought frequency and
severity (BOM, 2014), while there is a
high confidence in the prediction that
freshwater resources will decline (IPCC,
2013b). The South Eastern Australia
Climate Initiative (SEACI) concluded that
a range of climate extremes in recent
times reflect the inherent natural

Figure 1. Annual total inflows into the River Murray showing the long-term average,
and average inflows during three extensive droughts (taken from CSIRO, 2012a).
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A modelling study of the effects of
climate change on the hydrology of
the MDB found that a median climate
change scenario resulted in the average
volume of the surface water resource
falling by 11% by 2030, surface water
use falling by 4%, and flows at the
Murray Mouth falling by 24% (CSIRO,
2008). Furthermore, the relative impact
of climate change on surface water use
would be much greater in dry years. The
project concluded that the hydrological
impacts of climate change in the MDB
remain very uncertain; for example,
average surface water availability could
reduce by as much as 34% by 2030, or
increase by up to 11%. This uncertainty
led the authors to recommend “far
greater flexibility and adaptive capacity
in water resources management in the
Murray-Darling Basin” (CSIRO, 2008).
Since then, many water practitioners
have focused on the need to develop
ways to cope with potential changes in
such extremes.
There are similar levels of uncertainty
about the effects of a changing climate on
groundwater resources. A modelling study
on diffuse groundwater recharge in the
MDB reported estimates ranging from a
12% decrease under the dry future climate
scenario to a 32% increase in the wet
future scenario (Crosbie et al., 2011).
Climate change will affect more
than just the quantity of water available.
Various aspects of water quality
(e.g. water temperature, algal blooms,
dissolved oxygen levels, concentrations
of salt and pollutants) are susceptible
to a number of climate change drivers
(Sinclair Knight Merz, 2010), which can
result in significant negative impacts on
the environment and consumptive use.
Australia has undertaken significant
reform of the management of its water
resources in the last 20 years, including
a cap on surface water diversions in the
MDB in 1995, agreement to a nationally
consistent water management framework
through the 2004 National Water
Initiative, passing of the Commonwealth
Water Act in 2007 and establishment
of the MDBA to oversee management
of the Basin’s water resources. These
reforms have helped to provide a
platform for responding to climate

change in their responses to threats
to water security and climatic extremes
(e.g. Millennium Drought 1997–2009).
Against this backdrop, we outline
MDBA’s approach to considering climate
change in developing the Basin Plan
(made in 2012); in particular, relevant
legal requirements, the factors that
influenced MDBA’s approach, and the
range of measures that were included
in the Plan itself. The paper finishes by
exploring one of the key policy challenges
to be faced in coming years – how
reductions in water availability due to
climate change could be shared between
consumptive use and the environment.

REQUIREMENTS TO
CONSIDER CLIMATE
CHANGE IN THE
BASIN PLAN
In 2007 the Australian Parliament
passed the Water Act, establishing the
MDBA to oversee water planning at a
basin scale in the national interest. The
key policy objective was to put water
management in the Basin on a sustainable
footing through the preparation and
implementation of the Basin Plan (MDBA,
2012). Many of the provisions in the Basin
Plan reflect the commitments made by the
Commonwealth and the states to improve
water management arrangements in the
National Water Initiative (2004), such
as returning over-allocated systems to
environmentally sustainable levels of
extraction and progressive removal
of barriers to water trade.
The Water Act required the
MDBA to consider climate change in
the development of the Basin Plan to
give effect to the Commonwealth’s
commitment to the United Nations
Framework Convention on Climate Change
(to the extent it is relevant to the use and
management of Basin water resources),
and to develop strategies to manage the
risks to the availability of water resources
arising from the effects of climate change.
The Climate Change Convention is general
in intent, requiring parties to cooperate
in preparing for adaptation to the
impacts of climate change. This is to be
achieved in part by developing integrated
water resource plans and, to the extent
it is feasible, to take climate change
considerations into account in relevant
social, economic and environmental
policies and actions. The broad nature
of the Water Act’s climate change
provisions provided flexibility in translating
these considerations into the Basin Plan.

THE BASIN PLAN AND
CLIMATE CHANGE
Development of the MDBA’s response
to climate change in the Basin Plan was in
the context of significant uncertainties in
climate science (e.g. emission trajectories,
modelling of the climate system) and how
climatic influences would play out in the
MDB (e.g. lack of suitable down-scaled
models relevant at a catchment or even
Basin scale; the effects on rainfall, river
inflows, streamflow and recharge; spatially
variable impacts). The response also
recognised that existing approaches
to manage water access in a variable
climate would be useful in responding
to climate change. Finally, the tight
timeframe to develop and implement
the Basin Plan constrained the initiation
of significant new work.
Broadly stated, the MDBA included
climate change considerations in
the Basin Plan’s high-level objectives
and through various provisions that
are implemented within an adaptive
management framework. To provide
further detail on the MDBA response,
we have classified the various Basin
Plan provisions that are of value under a
changing climate into four types of action
(Figure 2). The classification is a useful
way of illustrating related actions that,
because of its legal construct, are found
in different parts of the Basin Plan.
The first of these are refinements
to existing actions and arrangements.
Some existing water planning and
management arrangements will help deal
with the effects of climate change even
though they have not been developed
specifically for this purpose. The Basin
Plan has recognised a number of these
and, where necessary, strengthened
them by applying a consistent Basin-wide
perspective.
Water trade, for example, facilitates
the movement of water available for
consumption to its most productive use,
a feature that is particularly useful in
supporting water-critical enterprises and
environmental watering capacity in dry
times. The Basin Plan refines pre-existing
water trade provisions by applying a
set of updated trade rules consistently
across the Basin, importantly ensuring
restrictions on water trade are removed
from 2014. Another of the key measures
within this category is incorporation
of the pre-existing water allocation
frameworks that is based on seasonal
water availability; under dry conditions,
less water is made available for
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variability of the climate system
(illustrated in Figure 1), as well as an
underlying drying trend which appears
to be partly attributable to climate
change (CSIRO, 2012a).
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Incorporating climate change/variability considerations in the Basin Plan

Refining
Provision

Buffering

Enhancing

Adapting

Basin Plan

Description of Provision

Annual water allocations based on
prevailing climatic conditions

Chapter 6

The Basin Plan continues to support and strengthen States’ annual allocation process. The process
is responsive to climate variability and change.

Hydrological modelling covering
extremes of climate

Chapter 6

Modelling to support development of SDLs used an extended climate sequence (1895-2009) and
therefore captured all the dry and wet periods of that 114 year period.

Strengthening existing water trading
framework

Chapter 12

The Basin Plan refines and strengthens the existing water trading framework, allowing the most
productive use of scarce water in dry times.

SDLs provide additional water to
support healthy ecosystems

Chapter 5 & 6

Recovery of additional water (average of 2,750 GL/year) from consumptive use for environmental
purposes will help to build the resilience of water-dependent ecosystems in the face of a drying
climate.

Inclusion of groundwater and
interception in SDL framework

Chapter 6

The Basin Plan brings groundwater diversions and interception activities into SDLs.

Protection of planned environmental
water

s10.28

The Basin Plan requires States to ensure there is no net reduction in protection of planned
environmental water when updated water resource plans are developed.

Identification of risks, and strategies
to address those risks

s4.03(3)(g)(iii)
s4.03(3)(h)(iii)

The Basin Plan identifies climate change as a risk to the condition and continued availability of
water resources and provides that new knowledge about its impacts is required.

Setting an environmental objective
and outcome that considers climate
change

s5.03(1)(c)
s5.03(2)
s8.04(c)
s8.07(1)&(2)
s9.04(2)(a)

A Basin Plan objective is ensuring that water-dependent ecosystems are resilient to climate
change (Chapter 5, 8 and 9) and an outcome is that water-dependent ecosystems have
strengthened resilience to climate change (Chapter 5).

Setting a water trade outcome that
considers climate change

s5.07(2)(c)(ii)

A Basin Plan outcome is the creation of a more efficient and effective market that enables waterdependent industries to strengthen their capacity to adapt to future climate change

Annual environmental watering
priorities based on prevailing
climatic conditions

s8.23-s8.31

The annual environmental watering priorities are determined from an assessment of the amount of
water likely to be available in the year in question.

Maximising the benefits
of environmental watering

s8.35(f)

Environmental watering is to be undertaken in a way that incorporates strategies to deal with a
variable and changing climate.

Arrangements to meet human water
needs under extended dry periods

Chapter 11

The Basin Plan has identified the volume of water required to deliver and meet critical human
needs on the shared River Murray system, and has arrangements to manage the risks that this
cannot be provided.

Water resource plans to develop
strategies to address the risk
of climate change, protect
groundwater systems and
manage extreme dry conditions

Chapter 10

States must consider the risks of climate change and determine how to respond. States must
consider what rules are required to protect the groundwater-dependent ecosystems and the
productive base of groundwater. States must describe how an extreme dry period will be
managed, and consider whether management should change if new science about climate change
suggests a change in the chance of such events occurring.

Discrete-point adaptation

s6.06

The Basin Plan must be reviewed at least every 10 years (Water Act s50) and reviews under s6.06
of the Basin Plan must be undertaken having regard to the management of climate change risks
and include an up-to-date assessment of those risks.
The Environmental Watering Plan and water quality and salinity targets in the Water Quality and
Salinity Management Plan must be reviewed every five years (Water Act s22).

Continuous adaptation

s8.17
s8.31

The Basin-wide environmental watering strategy can be reviewed at any time and at least every
five years, and the Basin’s environmental watering priorities are determined annually and can be
updated at any time.

Monitoring and evaluation

Schedule 12
Item 3&17

The matters for evaluation of the Basin Plan include the protection and restoration of waterdependent ecosystems and ecosystem functions, including for the purposes of strengthening their
resilience in a changing climate; and the effectiveness of the water resource plan in providing a
robust framework under a changing climate.

Refining existing arrangements

Buffering the system from stress

Enhancing with new arrangements

Adapting to future changes

Figure 2. Actions taken in the Basin Plan that address climate change/variability.
consumptive use. An illustration of the
way water allocation responds to climatic
variability (including any variation arising
from underlying climate change) is shown
in Figure 3, with diversions in the MDB
over a 30-year period averaging 10,000
GL/year but varying from 4,200 GL in
a dry year to 13,000 GL in a wet year.
The second group is the buffering
actions. These are measures in the Basin
Plan that will cushion the system from the
stress associated with a drying climate.
One of the most important of these is
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the recovery of an average of 2,750 GL/
year of water from consumptive use (a
reduction from 2009 levels of diversion of
20%) for increased environmental flows,
which will help to build the resilience
of water-dependent ecosystems in the
face of a variable and changing climate.
Of similar importance is the inclusion of
groundwater and interception activities
within the new sustainable diversion
limit, allowing the integration of all
the key forms of take within the one
management framework.

Third are the enhancing actions. These
are measures in the Basin Plan that explicitly
address elements of climate change. One
of the overarching objectives of the Basin
Plan is to ensure that water-dependent
ecosystems are resilient to climate change
and other risks and threats, with an
associated outcome of the restoration and
protection of water-dependent ecosystems
and ecosystem functions with strengthened
resilience to a changing climate. One of
the strategies to meet this objective is to
improve knowledge about the impact of
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Figure 3. Water diversions that respond to a variable climate (based on
MDBA, 2011).
climate change on the water required to
deliver environmental, social and economic
benefits in the Basin. Groundwater
considerations are addressed through local
management rules to protect groundwaterdependent ecosystems, which provide
mechanisms for managers to respond
to the effects of climate change. These
local management rules monitor explicit
outcomes during the operation of a plan
(e.g. groundwater levels near an important
ecosystem) and, where included, mandate a
response to protect such outcomes.
The fourth group are the adapting
actions. These are measures that allow
adaptive responses to climate change
at multiple timescales. Adaptation is
facilitated over longer periods when the
Basin Plan and its various instruments
such as the Environmental Watering
Plan and the Water Quality and Salinity
Management Plan are reviewed and
amended; there is a 10-year review
interval for the Basin Plan and a five-year
review interval for the other two plans.
These reviews will be informed by the
results of monitoring and evaluation,
investigations into the impacts of climate
change on water resources, and state
assessments of water resource plan
performance under extreme conditions.
Adaptation can also occur over shorter
timeframes, for example when Basin-wide
environmental watering priorities are set
each year, though such adaptation more
specifically addresses climate variability.
The various provisions came into effect
with the commencement of the Basin
Plan in November 2012 and are being
progressively rolled out by 2019. Some

take effect through agreed programs and
water management arrangements, such as
the recovery of water for the environment
(buffering) and the annual water allocation
process (refining). The adaptation
provisions, on the other hand, facilitate
a response to climate change, but are
not in themselves the response – generally
further knowledge and understanding will
be required before adaptation responses
are initiated and/or implemented.
The approach developed by the MDBA
aligned with the Productivity Commission
(2012) report on barriers to effective
climate change adaptation, which
concluded that governments can address
barriers and support the adaptive capacity
of environments and communities by
using flexible policy frameworks, such
as adaptive management and marketbased approaches, to respond to
changing circumstances. The Productivity
Commission also noted that reducing
the pressures that ecosystems and
habitats currently face can help to
reduce the extent to which these
pressures are exacerbated by climate
change – which the buffering actions
in the Basin Plan seek to do.

SHARING REDUCTIONS
IN WATER AVAILABILITY
Climate change poses one of the greatest
risks to sustainable water management as
pressure mounts to allocate increasingly
scarce water resources to one use over
another, one wetland over another, and
one community over another. While
implementation of the Basin Plan within
an adaptive management framework will
allow adjustment to the management of

The Millennium Drought experience
highlights one of the most fundamentally
important decisions in an anticipated
drier future; how reductions in available
water are shared between consumptive
use and the riverine environment.
Before considering this, it is important
to understand that there are two types
of environmental water in the Basin.
‘Held’ environmental water is water
owned via an entitlement (most often
by government) and used specifically
for environmental benefit. It is used at
the discretion of the owner and the rules
around its use are the same as those
that govern the use of consumptive
entitlements. ‘Planned’ environmental
water, on the other hand, is water
outside of the consumptive pool that is
committed to environmental outcomes in
the Basin Plan or state water plans (e.g.
water designated for general ecosystem
health, baseflows in rivers, flows that are
released automatically from dams as a
percentage of the level of inflows into the
dam, unregulated flows, water outside
of agreed caps or diversions, water not
taken from aquifers). CSIRO (2012b) noted
that in relation to surface water, planned
environmental water makes up about 75%
of the environmental water in the Basin.
CSIRO’s (2008) study on water
availability in the MDB sets out the
extent to which the various watersharing arrangements of state water
plans generally protect entitlement
holders from much of the anticipated
impact of climate change, while planned
environmental water was shown to have
a greater exposure to the risk of climate
change. This effect reflects the manner
and purpose of the development of
infrastructure and the entitlement system
to deal with inter-annually variability;
dams have been working as intended to
smooth out fluctuations in water available
for consumptive use and provide
greater reliability during dry periods.
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the Basin’s water resources as the effects of
climate change become better understood,
it is nevertheless likely that difficult
decisions will have to be made. This is not
unprecedented as there is already some
experience dealing with variability that
is outside historical precedent as a result
of the recent Millennium Drought (1997–
2009). In that case, extremely low inflows in
the southern MDB resulted in governments
putting in place special water-sharing
arrangements that prioritised use for core
human consumption needs in urban
and rural areas.
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The reforms of the last decade
are expected to lead to a rebalancing
towards the environment in the way
the impact of climate change is shared.
One of these is the buffering action of
recovering an additional 2,750 GL/year
from consumptive use for environmental
purposes, with an emphasis on a
balanced portfolio of entitlement types
to address different needs (e.g. high
reliability entitlements to support refugia
in dry times, medium and low reliability
entitlements to supplement higher flows).
These environmental entitlements are
treated the same way as consumptive
entitlements in state water plans, and
so to the extent that entitlement water
is favoured under climate change,
this benefit also accrues to the large
and growing pool of environmental
entitlements. The overall size of this
effect will be known upon completion of
the acquisition program and depend on
the mix of entitlement types recovered,
noting that some types are more
exposed to climate change than others.
The role of states in addressing the
risks of climate change, and in doing so
influencing the sharing arrangements and
how much planned environmental water
could be affected in a drying scenario, is
significant. One of the main mechanisms
for this is through updated water
resource plans, which will be prepared
over the next five years. At a strategic
level, the National Water Initiative
2004 (NWI) provides guidance to states
in preparing water plans, including a
requirement to consider the risks posed
by climate change to the available water
resource and to the allocation of water
for consumptive use. The NWI also
provides that entitlement holders are
to bear the risks of any reduction or
less reliable water allocation arising from
reductions to the consumptive pool as
a result of long-term changes in climate.
As indicated in the enhancing actions in
Figure 2, the Basin Plan has requirements
in relation to future state water resource
plans that are relevant to climate change.
Foremost of these is a need for states
to adequately consider the risks to the
availability of water from the effects of
climate change and, where the risk is
assessed as being significant, to describe
strategies to address the risk or explain
why it cannot be addressed. In addition,
water resource plans are required to set
out how water will be managed under
an extreme dry period (e.g. a drought
outside the experience contained in the
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114-year historical climate sequence),
and in doing so must consider if water
resources should be managed differently
if new science at the time suggests that
extreme events will become more likely.
State responses to these provisions
have the capacity to influence sharing
arrangements in the future.
Once the next round of updated
state water resource plans are available
(i.e., by 2019) and the location and mix
of recovered environmental entitlement
types is known, it will be possible
through hydrological modelling to gain a
clearer understanding of how the sharing
arrangements have been rebalanced –
and whether further government
policy responses are warranted.
Ongoing research in climate science
and new understandings about ecosystem
responses to a changing climate will
inform decisions about sharing the
reductions in available water. The
pronouncement by Milly et al. (2008) that
‘stationarity is dead’ refers to the idea
that because of anthropogenic climate
change, it is no longer realistic to believe
that natural systems fluctuate within an
unchanging envelope of variability.
While the authors’ focus was on the
water cycle, the concept is likely to be
equally valid for ecosystems generally.
In considering an anticipated drier
future it will be necessary to analyse
the feasibility and appropriateness of the
existing ecological objectives in the Basin
Plan. For example, it may be that under
a drier future, some water-dependent
ecosystems cannot be preserved in
their current state, regardless of how
much environmental water is available.
This reflects the situation that even
under pre-development conditions (i.e.
no dams and no consumptive use of
water) a drying climate would lead to
some ecosystems moving to a new state
(e.g. from river red gum forest with a
flood-dependent understorey to river
red gum woodland with a flood-tolerant
understorey). A better understanding
of ecological responses to climate
change will have a bearing on the
water requirements of water-dependent
ecosystems and consequently on how
reductions in water availability due to
climate change are shared between
users and the environment.
As with the preparation of the Basin
Plan, reviews of the Plan will be done
in the context of promoting the Water
Act objective of using and managing

water in a way that optimises economic,
social and environmental outcomes. In
other words, a level of judgement will
inevitably be required when it comes to
sharing reductions in water availability
between consumptive users and the
environment. This will be complicated
by the fact that, more broadly, climate
change is likely to cause changes in
the socio-economic circumstances of
agricultural communities in the Basin; for
example, global agricultural markets may
change, local crop mixes may change,
or specific agricultural sectors may drop
below viable thresholds, while others may
become viable. While changes like these
can be broadly expected, they cannot be
predicted with any certainty – nor can the
responses of communities to them. As
such, the appropriate balance between
social, economic and environmental
outcomes may look different under a
climate change future than it does now.

CONCLUSION
Water management arrangements that
deal with the type of highly variable
climate found in the MDB provide a solid
foundation to respond to the challenge
of a changing climate. The MDBA’s
approach to climate change in the
Basin Plan was to incorporate and refine
relevant existing arrangements, provide
a significant buffer through a 20%
reduction in take, and complement these
with a range of new arrangements that
can be implemented within an adaptive
management framework.
While these are important steps, policy
challenges remain, not the least of which
is how reductions in water availability
due to climate change could be shared
between consumptive use and the
environment. Both the MDBA and state
water management agencies will play
an important role in the resolution of
this issue, guided by the requirements
in water legislation and the National
Water Initiative, and in consultation with
the many groups who have a stake in a
healthy, productive Murray-Darling Basin.
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